Introduction {#section1-2058-5241.5.190040}
============

Tibial and/or fibular shaft fractures accounted for approximately 17% of all lower limb fractures in a population-based study of 32,900 patients in the United Kingdom, with femoral fractures (excluding neck of femur) accounting for 8.7% making these a significant clinical problem.^[@bibr1-2058-5241.5.190040]^ In recent years, closed reduction with minimally invasive plating and locked intramedullary nailing have both become widely used treatment modalities for proximal and distal tibial metaphyseal fractures.^[@bibr2-2058-5241.5.190040]--[@bibr4-2058-5241.5.190040]^

Gerhard Küntscher is credited with the invention of intramedullary nail fixation in 1939 for femur fractures. Modny and Bambara introduced locked intramedullary (IM) nails^[@bibr5-2058-5241.5.190040]^ which were able to control length and rotation especially in the mid-diaphyseal region. Intra-medullary nailing is the preferred choice of operative management of diaphyseal factures of the lower limb and is also part of the armamentarium for the treatment of metaphyseal fractures. There are limitations with the 'standard' practice of IM nailing in the treatment of metaphyseal fractures owing to the long lever arm, metaphyseal enlargement, and epiphyseal--metaphyseal fixation problems, which make reduction and controlling angulation of the shorter bone fragment technically difficult.^[@bibr6-2058-5241.5.190040],[@bibr7-2058-5241.5.190040]^ This can result in malalignment, malunion, and pain.^[@bibr6-2058-5241.5.190040]--[@bibr9-2058-5241.5.190040]^

The term blocking screw was first introduced by Donald and Seligson in 1983 -- as they 'block' the nail from malreducing the fracture.^[@bibr10-2058-5241.5.190040]^ Krettek et al introduced the term 'poller screws'. The term 'poller' is derived from small metal bollards designed to block or guide traffic. These poller screws functionally decrease the width of the medullary cavity, physically block the nail to assist with reduction, resist displacing muscular forces in the mobile distal fragment, and increase the mechanical stiffness of the bone-implant construct.^[@bibr11-2058-5241.5.190040]^ When compared with other techniques described for preventing metaphyseal malalignment during nailing, blocking screws are technically easy and reproducible, they do not require special instrumentation or hardware and there is no need for excessive soft tissue dissection.^[@bibr12-2058-5241.5.190040]^ Data on the overall incidence of poller screw utilization are unclear from the literature; however, anecdotally, poller screws are used by experienced surgeons in large trauma centres rather than trainees surgeons. The paucity of articles on poller screws and small patient numbers further supports this. Deciding on the location and the number of blocking screws is often difficult and confusing, with at least four 'rules' described in the literature.^[@bibr13-2058-5241.5.190040]--[@bibr16-2058-5241.5.190040]^ [Fig. 1](#fig1-2058-5241.5.190040){ref-type="fig"} shows fluoroscopic images of the placement of poller screws in a diaphyseal tibial fracture. [Fig. 2](#fig2-2058-5241.5.190040){ref-type="fig"} details technical tips for the placement of poller screws from experience in our tertiary centre.

![Fluoroscopic images of the placement of poller screws in a diaphyseal tibial fracture. (A) Displaced comminuted diaphyseal tibial fracture. (B) Intraoperative fluoroscopic (Anterior Posterior) AP image showing placement of two poller screws in the coronal plane (one in the distal and one in the proximal fragment). (C) Distal poller screw placed at the site of comminution very close to fracture line is removed and placed more distally. (D) Guidewire placement: guidewire deflected by poller screws. (E) Lateral image of reamer passing distal poller screw. (F) AP image of reamer passing distal poller screw.](eor-5-189-g001){#fig1-2058-5241.5.190040}

![Technical tips for the placement of poller screws.](eor-5-189-g002){#fig2-2058-5241.5.190040}

While technical tips are well described in the literature, outcomes of the treatment of metaphyseal fractures treated with poller screws are limited. Overall, there is no consistent conclusion about whether IM nailing alone, or the method of using IM nails with poller screws is more advantageous as there is a paucity of data comparing the efficacy of the latter treatment. Therefore, we conducted this systematic review to provide more comprehensive and reliable evaluations of the outcomes following poller screw treatments for metaphyseal fractures and nonunions.

Methods {#section2-2058-5241.5.190040}
=======

Protocol and registration {#section3-2058-5241.5.190040}
-------------------------

This systematic review and metaanalysis was planned, conducted, and reported according to the guidelines of the PRISMA statement. A study protocol was registered with PROSPERO (137490) prior to data abstraction and analysis.

Systematic literature review {#section4-2058-5241.5.190040}
----------------------------

A PRIMSA-compliant systematic literature review was conducted. The authors searched the EMBASE, MEDLINE and Cochrane databases for terms "poller screw" OR "blocking screw" in the title and/or abstract published prior to June 2019. In addition, a manual search was also performed for additional literature in print format. Reference lists from published original articles and previous reviews were scanned for additional relevant studies.

Study eligibility {#section5-2058-5241.5.190040}
-----------------

We considered studies in any language featuring a population with fractures or nonunions who had undergone intramedullary nailing with poller screw augmentation and measured radiographic outcomes.

Inclusion criteria:

1.  Studies involving poller screws.

2.  Studies reporting union and complications.

Exclusion criteria:

1.  Case reports, studies detailing technique only, conference abstracts, review articles, letters to the editor.

2.  Studies using IM nailing for limb lengthening or arthrodesis.

Primary outcome: Radiological union.

Secondary outcomes: Complications including nonunion, malalignment, delayed union, pain, infection.

Study selection {#section6-2058-5241.5.190040}
---------------

Management of the search results was carried out in Covidence Systematic Review Software ([www.covidence.org](http://www.covidence.org)). Two reviewers (MT and AA) worked independently and in duplicate, screened all titles and abstracts to determine inclusion. In the event of disagreement or insufficient information in the abstract, the full text was reviewed, again independently and in duplicate. We resolved conflicts by consensus. The initial search retrieved 75 studies. After automated removal of duplicates by Covidence, 65 titles and abstracts were examined and 27 articles were short-listed. After full text review of the short-listed papers, 13 studies were identified as suitable. The search protocol is summarized in the PRISMA flow diagram ([Fig. 3](#fig3-2058-5241.5.190040){ref-type="fig"}).

![PRISMA flowchart.](eor-5-189-g003){#fig3-2058-5241.5.190040}

Data extraction {#section7-2058-5241.5.190040}
---------------

[Table 1](#table1-2058-5241.5.190040){ref-type="table"} details the demographic data extracted from the identified articles. [Table 2](#table2-2058-5241.5.190040){ref-type="table"} details the number and position of the poller screws used. The outcome measures reported by each study are detailed in [Table 3](#table3-2058-5241.5.190040){ref-type="table"}. The following outcome parameters were extracted and analysed:

1.  Incidence of nonunion. Nonunion cases included those fractures that developed osseous nonunion at the time of follow-up. Delayed unions were not included in the nonunion rate if the fractures subsequently healed.

2.  Incidence of infection. The infections were divided into superficial and deep infections. Superficial infections were defined as wound infections that resolved with antibiotic treatment without surgical intervention. Deep infections were defined as infections requiring surgical debridement and/or osteomyelitis.

3.  Incidence of malalignment. The definition of malalignment was determined according to the authors' definition (where provided). Definitions are listed in [Table 3](#table3-2058-5241.5.190040){ref-type="table"}.

4.  Incidence of secondary surgical procedures.

###### 

Description of studies and demographic characteristics

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                       Year   Country       Study design                  Number of participants                                                                                                                  Comparison group                                                                    Average age (years)   Inclusion                                                                                                                                                      Exclusion                                                                                                                                                                                                     Fracture classification\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                (type, numbers)
  ----------------------------------------------------------- ------ ------------- ----------------------------- --------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------- --------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------
  Ricci et al^[@bibr19-2058-5241.5.190040]^                   2001   USA           Case series (prospective)     12 (four had been previously treated with IM tibial nailing for proximal tibia fractures and were thought to be unacceptably aligned)   No                                                                                  47                    Extraarticular fractures of the proximal third of the tibial shaft.                                                                                            None                                                                                                                                                                                                          OTA classification (42A, 4; 42B, 7; 42C, 1)

  Moongilpatti Sengodan et al^[@bibr12-2058-5241.5.190040]^   2014   India         Case series (prospective)     20                                                                                                                                      No                                                                                  37.75                 Displaced distal tibial metaphyseal fractures (acute fractures and delayed union). Both open and closed fractures were included in the study.                  Tibial diaphyseal and proximal tibial metaphyseal fractures. Metaphyseal fractures treated with statically locked intramedullary nails but with additional procedures such as fibular plating.                AO classification (43 A1, 5; 43 A2, 11; 43 A3, 4)

  Krettek et al^[@bibr11-2058-5241.5.190040]^                 1999   Germany       Case series (prospective)     21 fractures in 20 patients                                                                                                             No                                                                                  44                    Displaced fractures of the proximal or distal third tibia which were either extraarticular or had a non-displaced intraarticular extension.                    None                                                                                                                                                                                                          AO classification (A, 5; B, 9; C, 7)

  Seyhan et al^[@bibr24-2058-5241.5.190040]^                  2013   Turkey        Case series (retrospective)   15                                                                                                                                      No                                                                                  38.8                  Distal diaphyseal or metaphyseal fracture of femur.\                                                                                                           None                                                                                                                                                                                                          AO classification (A, 13; B, 1; C, 1)
                                                                                                                                                                                                                                                                                                                                                                   Acute fracture only.                                                                                                                                                                                                                                                                                                                                                         

  Seyhan et al^[@bibr20-2058-5241.5.190040]^                  2012   Turkey        Case series (retrospective)   21                                                                                                                                      No                                                                                  41.4                  Distal tibial diaphyseal or metaphyseal extra articular fractures and received blocking screw and intramedullary nail treatment.\                              None                                                                                                                                                                                                          AO classification (A, 19; B, 2)
                                                                                                                                                                                                                                                                                                                                                                   Acute fracture only.                                                                                                                                                                                                                                                                                                                                                         

  Kim et al^[@bibr31-2058-5241.5.190040]^                     2018   Korea         Case series (retrospective)   10 treated with poller screws[\*](#table-fn2-2058-5241.5.190040){ref-type="table-fn"}                                                   No                                                                                  46.8                  Infraisthmal femoral shaft fracture treated with exchange nailing with a poller screw for nonunion.                                                            None                                                                                                                                                                                                          AO classification (A, 8; B, 2)

  Kulkarni et al^[@bibr21-2058-5241.5.190040]^                2012   India         Case series (retrospective)   75 fractures 70 patients                                                                                                                No                                                                                  33                    IMN supplemented with poller screws for fractures (*n* = 60) or for delayed union (*n* = 10) or malalignment (*n* = 5) of the proximal metadiaphyseal tibia.   Tibial fractures with the proximal fragment \< 7 cm, proximal intraarticular tibial fractures, or non-displaced fractures were excluded.                                                                      AO classification (A, 50; B, 15; C, 10)

  Van Dyke et al^[@bibr29-2058-5241.5.190040]^                2018   USA           Case series (retrospective)   46 treated with blocking screws                                                                                                         Yes -- RIMN without poller screws                                                   38.6                  All patients with an infraisthmal femur fracture treated with a RIMN.\                                                                                         Skeletally immature patients, pathologic fractures, and patients\                                                                                                                                             AO classification (31A, 10; 32B, 12; 32C, 16; 33 All; 8)
                                                                                                                                                                                                                                                                                                                                                                   Acute fracture only.                                                                                                                                           without sufficient radiographic follow-up.                                                                                                                                                                    

  Seyhan et al^[@bibr26-2058-5241.5.190040]^                  2012   Turkey        Case series (retrospective)   12 treated with blocking screws                                                                                                         Yes -- Comparison of reduction with clamp vs cerclage vs blocking screw             47.9                  Subtrochanteric femoral fractures treated with IMN.\                                                                                                           None                                                                                                                                                                                                          Seinsheimer (2A, 2; 2B, 3; 3B, 7)
                                                                                                                                                                                                                                                                                                                                                                   Acute fracture only.                                                                                                                                                                                                                                                                                                                                                         

  Shah et al^[@bibr27-2058-5241.5.190040]^                    2015   Nepal         Case series (retrospective)   60                                                                                                                                      No                                                                                  34                    Extraarticular, displaced fractures of the proximal (*n* = 24) or distal (*n* = 36) third of tibia.                                                            None                                                                                                                                                                                                          AO classification (A, 15; B, 27; C, 18)

  Bhangadiya et al^[@bibr22-2058-5241.5.190040]^              2016   India         Case series (retrospective)   50                                                                                                                                      No                                                                                  35                    Metadiaphyseal tibia fractures.                                                                                                                                Intraarticular fractures of proximal and distal tibia, non-displaced and those who were treated conservatively, and who were medically unfit were excluded from the study.                                    AO classification (A, 38; B, 7; C, 5)

  Gao et al^[@bibr28-2058-5241.5.190040]^                     2009   China         Case series (retrospective)   12                                                                                                                                      No                                                                                  35.6                  Diaphyseal nonunion in the femur (*n* = 5) and tibia (*n* = 7).                                                                                                None                                                                                                                                                                                                          AO classification (A, 4; B, 7; C, 1)

  Song^[@bibr23-2058-5241.5.190040]^                          2019   South Korea   Case series (retrospective)   23                                                                                                                                      Yes -- Comparison with 26 patients who underwent IM nailing without poller screws   39.2                  Infraisthmal acute femur-shaft fractures treated with antegrade nailing with or without poller blocking screws.                                                Pathologic fractures, bisphosphonate-related atypical fractures, adolescent patients, deep intramedullary infection cases, and patients for whom there were insufficient available radiographs until union.   AO classification (32A, 8; 32B, 10; 32C, 5)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note*. IM, intramedullary; IMN, intramedullary nail; OTA, Orthopaedic Trauma Association; RIMN, Retrograde Intramedullary Nail.

Kim paper data presented here are the averaged raw data for the 10 patients treated with poller screws, not the entire cohort.

###### 

Number and position of poller screws

  Study                                                       Number of poller screws   Additional information on placement        
  ----------------------------------------------------------- ------------------------- ------------------------------------- ---- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ricci et al^[@bibr19-2058-5241.5.190040]^                   9                         3                                     0    Of the patients with two poller screws; two patients had posterior and lateral screws and one patient had two medial screws.
  Moongilpatti Sengodan et al^[@bibr12-2058-5241.5.190040]^   9                         11                                         In seven cases single blocking screws were used on the concave side of the deformity, close to the fracture site in the short fragment. In two cases single blocking screws were used on the convex side of the deformity, near the end of the nail. In the remaining cases two blocking screws were placed, the first one on the concave side of the deformity close to the fracture site and the second screw on the convex side of deformity near the end of the nail in the distal fragment.
  Krettek et al^[@bibr11-2058-5241.5.190040]^                 13                        6                                     2    In 13 fractures a single poller screw was used, placed on the concave side of the deformity.
  Seyhan et al^[@bibr24-2058-5241.5.190040]^                  13                        2                                     0    Only two patients had two poller screws used (one in the sagittal and one in the coronal).
  Seyhan et al^[@bibr20-2058-5241.5.190040]^                  20                        1                                     0    18 medial, two posterior, one medial and anterior (both planes).
  Kim et al^[@bibr31-2058-5241.5.190040]^                     2                         6                                     2    --
  Kulkarni et al^[@bibr21-2058-5241.5.190040]^                45                        27                                    3    When a single poller screw was used it was placed on the concave side of the deformity.
  Van Dyke et al^[@bibr29-2058-5241.5.190040]^                33                        12                                    0    All screws were in the coronal plane.
  Seyhan et al^[@bibr26-2058-5241.5.190040]^                  12                        0                                     0    All patients had a single poller screw used to aid reduction in this arm of the study.
  Shah et al^[@bibr27-2058-5241.5.190040]^                    --                        --                                    --   --
  Bhangadiya et al^[@bibr22-2058-5241.5.190040]^              38                        7                                     0    --
  Gao et al^[@bibr28-2058-5241.5.190040]^                     --                        20                                    --   Two blocking screws were placed adjacent to the nail on the coronal plane according to the potential translation direction of the shorter fragment.
  Song^[@bibr23-2058-5241.5.190040]^                          --                        23                                    --   Two 5.0 mm cortical screws were used as poller screw anteroposteriorly in the metadiaphyseal flaring area, 2 or 3 cm above the distal interlocking screw holes.

*Note*. --- indicates not reported by the study.

###### 

General outcome information

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                       Outcomes measures                                                                                                                 Time to union mean (range)   Complications                                                                                                                  Definition of malunion                                                                            Definition of nonunion                                                                                                                                   Follow-up interval mean (range)                                                                             Observations
  ----------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------- ---------------------------- ------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ricci et al^[@bibr19-2058-5241.5.190040]^                   Radiographic union; coronal alignment; sagittal alignment                                                                         \_\_                         Nonunion, malunion, osteomyelitis, secondary surgical procedures                                                               More than 5° in the coronal and sagittal planes                                                   Nonunion was defined as absence of progressive fracture healing for three consecutive months                                                             35 (19--54) weeks\                                                                                          No complications directly related to the use of blocking screws. One patient had osteomyelitis and one patient had a persistent nonunion. One additional patient required removal of proximal interlocking screws because of pain.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       One patient lost to follow-up                                                                               

  Moongilpatti Sengodan et al^[@bibr12-2058-5241.5.190040]^   Radiographic union; coronal alignment; sagittal alignment; Karlstorm-Olerud score                                                 \_\_                         Delayed union, malunion, deep infection, secondary surgical procedures                                                         Not defined, Trafton's recommendation referenced in their discussion                              Not defined                                                                                                                                              Inconsistent (abstract states maximum of three years, text states with a minimum follow-up of five years)   Secondary procedure was required in only one case to achieve union (5%). Dynamization was carried out six weeks after interlocking nailing that developed deep infection. Patient was previous treated with an Ex-Fix.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   In one case a new fracture line appeared while introducing the nail after placement of poller screw but alignment and union were unaffected.

  Krettek et al^[@bibr11-2058-5241.5.190040]^                 Time to union; coronal alignment; sagittal alignment; Karlstorm-Olerud score                                                      \_\_                         Nonunion, malunion, deep infection, secondary surgical procedures\                                                             Not defined                                                                                       Not defined                                                                                                                                              8.5 months (12 to 29)\                                                                                      The indications for intramedullary nailing included acute fractures (*n* = 13), delayed unions (*n* = 3) and misaligned fractures (*n* = 5) treated previously with external fixation (*n* = 2) or intramedullary nailing (*n* = 5).\
                                                                                                                                                                                                                             Nerve injury *(Not related to poller screw)*                                                                                                                                                                                                                                                                                                                                              Two patients lost to follow-up                                                                              **Reoperation**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   One patient had autogenous bone graft for delayed union.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Three implants removed after union was achieved; reason not given.

  Seyhan et al^[@bibr24-2058-5241.5.190040]^                  Time to union mean                                                                                                                12.6 (8--32) weeks           Delayed union, secondary surgical procedures                                                                                   Not defined                                                                                       Not defined                                                                                                                                              26.6 months                                                                                                 Two implants removed due to implant discomfort after union was achieved.

  Seyhan et al^[@bibr20-2058-5241.5.190040]^                  Radiographic union; coronal alignment; sagittal alignment                                                                         \_\_                         Nonunion, malunion, deep infection, secondary surgical procedures                                                              An angle greater than 5° on any plane was considered as misalignment in radiological assessment   Not defined                                                                                                                                              21.0 (12--36) months                                                                                        An angle greater than 5° on any plane was considered as misalignment in radiological assessment.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   1/21 had a fissure at blocking screw.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   1/ 21 developed 8° of flexion deformity and nonunion. They underwent autografting and subsequently united.

  Kim et al^[@bibr31-2058-5241.5.190040]^                     Radiographic union; range of motion                                                                                               \_\_                         No complications i.e. infections, implant breakages, rotational deformities \> 5°, or shortening of the lower limbs occurred   Rotational deformities \> 5°                                                                      Not defined                                                                                                                                              17.1 (12--42) months                                                                                        

  Kulkarni et al^[@bibr21-2058-5241.5.190040]^                Time to union; coronal alignment; sagittal alignment; knee rating scale of the Hospital for Special Surgery                       \_\_                         Nonunion, malunion, anterior knee joint pain, superficial infections, secondary surgical procedures                            Not defined                                                                                       Not defined                                                                                                                                              30.8 (24--45) months                                                                                        47/70 patients underwent removal of the nails and screws.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   5/70 cases on nonunion were resolved by bone grafting.

  Van Dyke et al^[@bibr29-2058-5241.5.190040]^                Radiographic union; coronal alignment; sagittal alignment                                                                         21.6 weeks                   Nonunion, malunion, secondary surgical procedures                                                                              Not defined                                                                                       The need for any secondary surgical intervention including nail dynamization, bone grafting, or exchange nailing was considered nonunion in this study   Follow-up to union                                                                                          

  Seyhan et al^[@bibr26-2058-5241.5.190040]^                  Radiographic union; coronal alignment; sagittal alignment; Harris Hip Score; operation times; fluoroscopy times                   15±6 weeks (*SD*)            Number but not nature of complications recorded\                                                                               Not defined                                                                                       Not defined                                                                                                                                              21.83 months                                                                                                2/12 patients in the blocking screw group had reintervention but the nature of this operation was not listed.\
                                                                                                                                                                                                                             Secondary surgical procedures                                                                                                                                                                                                                                                                                                                                                                                                                                                                         3/12 patients had complications but what the complications were was not listed.

  Shah et al^[@bibr27-2058-5241.5.190040]^                    Radiographic union; coronal alignment; sagittal alignment; knee rating scale of the Hospital for Special Surgery                  5.6 months                   Nonunion, malunion, anterior knee joint pain, superficial infections, neurovascular injury, secondary surgical procedures      \< 5° valgus or varus deformity, sagittal not defined                                             Not defined                                                                                                                                              12 months                                                                                                   24/60 patients underwent removal of the nails and screws; reasons not given.

  Bhangadiya et al^[@bibr22-2058-5241.5.190040]^              Radiographic union; coronal alignment; sagittal alignment; ROM; AOFAS Ankle-Hindfoot Scale; Rasmussen's Functional Score System   4.1 (3--9) months            Nonunion, malunion, anterior knee joint pain, superficial infections, neurovascular injury, secondary surgical procedures      Not defined                                                                                       Not defined                                                                                                                                              28.9 (20--33) months                                                                                        Two cases had nonunion which was treated with bone grafting; the other patient was malunited.

  Gao et al^[@bibr28-2058-5241.5.190040]^                     Time to union; coronal alignment; sagittal alignment; ROM                                                                         7.8 (4.7--13.5) months       No complications i.e. nonunion, malunion, pain, loss of ROM occurred, secondary surgical procedures                            Angulation \> 5°, rotational deformity \> 10°, or shortening \> 2 cm                              Not defined                                                                                                                                              1.5 (1--2) years                                                                                            All patients achieved union without a secondary procedure.

  Song^[@bibr23-2058-5241.5.190040]^                          Union; coronal alignment;                                                                                                         19.8 ± 3.2 weeks (*SD*)      Nonunion, malunion, infection                                                                                                  Angulation \> 5°, rotational deformity \> 15°, or shortening \> 2 cm                              Union was defined as the ability to bear full weight without pain, with callus bridging in three of four cortices on radiographs                         18.3 ± 2.0 months                                                                                           Comparison was made to IM nailing alone. Union rate was significantly higher in poller screw group than IM nail alone.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Two poller screws after nailing took a mean of 21 minutes extra operation time.
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note*. --- indicates not reported by the study; IM, intramedullary; *SD*, standard deviation; ROM, range of motion; AOFAS, American Orthopaedic Foot & Ankle Society.

Where information was incomplete of lacking, corresponding authors were contacted by email.

Data analysis {#section8-2058-5241.5.190040}
-------------

Analysis was conducted in R, using the R package *meta*, to compute the overall outcome proportion across the studies, using the inverse variance method for pooling.^[@bibr17-2058-5241.5.190040]^

Risk of bias assessments {#section9-2058-5241.5.190040}
------------------------

The potential risk of bias of the studies was assessed using MINORS, a methodological index for non-randomized studies.^[@bibr18-2058-5241.5.190040]^ See Appendix 1.

Results {#section10-2058-5241.5.190040}
=======

Thirteen studies with a total of 371 participants and 376 fractures were included in this systematic review. Mean follow-up time was 21.1 months and mean age of included patients was 40.0 years. Description of studies and demographic characteristics of patients analysed are displayed in [Table 1](#table1-2058-5241.5.190040){ref-type="table"}. No randomized control trails (RCTs) were identified in our literature search.

Complications {#section11-2058-5241.5.190040}
-------------

The various complications reported by each study are detailed in [Table 2](#table2-2058-5241.5.190040){ref-type="table"}. Where meaningful; the overall outcome proportion across the studies was computed using the inverse variance method for pooling; 95% confidence intervals and weighting given to each study are displayed. All studies reported the absence or presence of nonunion as an outcome measure. Eight studies reported no nonunions in patients treated with poller screws. Five studies^[@bibr19-2058-5241.5.190040]--[@bibr23-2058-5241.5.190040]^ reported nonunions with the proportions of nonunions being 9.1%, 4.8%, 6.7%, 4% and 4.3% respectively. The overall outcome proportion of nonunion was 4% with narrow confidence intervals of 0.03--0.07 ([Fig. 4](#fig4-2058-5241.5.190040){ref-type="fig"}). In Ricci et al, the nonunion patient had postoperative malalignment of 6° valgus as a lateral blocking screw to control valgus malalignment was not used.^[@bibr19-2058-5241.5.190040]^ Seyhan et al's nonunion patient also had malunion with 8° of flexion deformity and nonunion.^[@bibr20-2058-5241.5.190040]^ Two articles did not give further details on the nonunion cases.^[@bibr21-2058-5241.5.190040],[@bibr22-2058-5241.5.190040]^

![Overall outcome proportion of nonunion.](eor-5-189-g004){#fig4-2058-5241.5.190040}

Eight studies reported time to union.^[@bibr21-2058-5241.5.190040]--[@bibr28-2058-5241.5.190040]^ The combined mean time to union was 17 weeks. Van Dyke et al's definition of nonunion as per [Table 1](#table1-2058-5241.5.190040){ref-type="table"} made it difficult to determine what the true nonunion rate was, as any secondary procedure would be counted as a nonunion by their definition (39.1%) which is an atypical definition when compared with the rest of the literature.^[@bibr29-2058-5241.5.190040]^

All bar two studies,^[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040]^ with a combined total of 349 patients, reported coronal plane alignment at the time of fracture union. Two of the studies, by Seyhan et al,^[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040]^ did not state that coronal alignment (or sagittal alignment) were checked on the postoperative films and these studies were therefore excluded from the malalignment analysis. The overall outcome proportion of malalignment was 5% with confidence intervals 0.05--0.08 ([Fig. 5](#fig5-2058-5241.5.190040){ref-type="fig"}). Seven studies did not provide a definition of malunion (see [Table 3](#table3-2058-5241.5.190040){ref-type="table"}).^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr21-2058-5241.5.190040],[@bibr22-2058-5241.5.190040],[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040],[@bibr29-2058-5241.5.190040]^ Where deformity was described as a continuous variable we defined malunion of tibial fractures as 5° of varus--valgus angulation as per Trafton's recommendation.^[@bibr30-2058-5241.5.190040]^ Malunion owing to deformity in the coronal plane was more clearly reported than malunion due to deformity in the sagittal plane. Seven studies reported coronal malunion^[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040]--[@bibr23-2058-5241.5.190040],[@bibr27-2058-5241.5.190040]^ with incidences of 9.1%, 10.0%, 4.7%, 1.3%, 5.0%, 2.0% and 8.7% respectively. While all bar one study^[@bibr23-2058-5241.5.190040]^ listed sagittal alignment as an outcome measure, only seven studies reported sagittal alignment postoperatively.^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040]--[@bibr22-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ Of those seven studies only one^[@bibr20-2058-5241.5.190040]^ reported sagittal malalignment in one patient with a distal tibial fracture ([Table 3](#table3-2058-5241.5.190040){ref-type="table"}).

![Overall outcome proportion of malalignment.](eor-5-189-g005){#fig5-2058-5241.5.190040}

Ten studies, with a combined total of 303 patients, commented on superficial infection ([Fig. 6](#fig6-2058-5241.5.190040){ref-type="fig"}). Three studies had superficial infection as a reported complication^[@bibr21-2058-5241.5.190040],[@bibr22-2058-5241.5.190040],[@bibr27-2058-5241.5.190040]^ with outcome proportions of 5.3%, 20.0% and 4.0% respectively. The overall outcome proportion of superficial infection was 6% with confidence intervals 0.03--0.11. Where superficial infection was not specifically noted as a recorded complication of interest, these studies were omitted from the pooled calculations so as not to assume non-reporting meant absence of infection.

![Overall outcome proportion of superficial infection.](eor-5-189-g006){#fig6-2058-5241.5.190040}

Eight studies, with a combined total of 216 patients, commented on deep infection ([Fig. 7](#fig7-2058-5241.5.190040){ref-type="fig"}). Four studies had deep infection as a reported complication^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040],[@bibr23-2058-5241.5.190040]^ with proportions of 9.1% (1 patient), 10.0% (2 patients), 5.0% (1 patient) and 8.7% (2 patients) respectively. The overall outcome proportion of deep infection was 5% with confidence intervals 0.03--0.11. These studies had insufficient information to correlate incidence of infection with open fractures.

![Overall outcome proportion of deep infection.](eor-5-189-g007){#fig7-2058-5241.5.190040}

Data on secondary surgical procedure rates were highly variable and breakdown of the secondary surgical procedures was not reported by Van Dyke et al^[@bibr29-2058-5241.5.190040]^ or Seyhan et al.^[@bibr26-2058-5241.5.190040]^ The secondary surgical procedure rate included grafting, revisions and any reported cases of removal of metal work (see [Table 2](#table2-2058-5241.5.190040){ref-type="table"}). Data on secondary surgical procedure rates from 11 studies with a combined total of 291 patients were analysed. The overall outcome proportion of secondary surgical procedures was 8% with confidence intervals 0.04--0.18 ([Fig. 8](#fig8-2058-5241.5.190040){ref-type="fig"}). Reoperation rate ranged from 2%^[@bibr22-2058-5241.5.190040]^ to 40% by Shah et al for removal of metal work.^[@bibr27-2058-5241.5.190040]^ No reasons for removal of metal work were given and this study was therefore excluded from the analysis. Song did not formally collect information on reoperation and therefore have been excluded.^[@bibr23-2058-5241.5.190040]^

![Overall outcome proportion of secondary procedures.](eor-5-189-g008){#fig8-2058-5241.5.190040}

Seven studies had heterogenous population of nonunions and/ =or malunions in addition to acute fractures.^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040],[@bibr21-2058-5241.5.190040],[@bibr22-2058-5241.5.190040],[@bibr27-2058-5241.5.190040],[@bibr29-2058-5241.5.190040]^ Four studies included only acute fractures^[@bibr20-2058-5241.5.190040],[@bibr23-2058-5241.5.190040],[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040]^ and two studies examined nonunions only.^[@bibr28-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ Two studies mixed results for both distal and proximal tibial fractures.^[@bibr11-2058-5241.5.190040],[@bibr27-2058-5241.5.190040]^ Gao et al reports outcomes from a mixed population of femoral and tibial nonunions.^[@bibr28-2058-5241.5.190040]^

A subgroup analysis of femoral versus tibial only studies shows the rates of malunion are lower in femoral fractures. Two studies^[@bibr29-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ looking exclusively at femoral fractures, with a combined total of 56 patients, and nine studies of exclusively tibial lesions, with a combined total of 293, were analysed.^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040]--[@bibr23-2058-5241.5.190040],[@bibr27-2058-5241.5.190040],[@bibr28-2058-5241.5.190040]^ The overall outcome proportion of malalignment was 2% (CI: 0.0--0.14) for femoral fractures (Fig. S1) compared with 5% in tibial fractures (CI: 0.03--0.09) (Fig. S2).

Four studies^[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040],[@bibr29-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ with a combined total of 83 patients found that the overall outcome proportion of nonunion in femoral fractures treated with poller screws was 3% (CI: 0.01--0.10) (Fig. S3). Nine studies^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040]--[@bibr23-2058-5241.5.190040],[@bibr27-2058-5241.5.190040],[@bibr28-2058-5241.5.190040]^ with a combined total of 293 patients found that the overall outcome proportion of nonunion in tibial fractures treated with poller screws was 5% (CI: 0.03--0.08) (Fig. S4).

Only one femoral study commented on deep and/or superficial infection rates making subgroup analysis meaningless.

Femoral fractures had an increased risk of reoperation compared with tibial fractures. Four studies^[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040],[@bibr29-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ with a combined total of 83 patients found an overall outcome proportion of 21% (CI: 0.08--0.43) (Fig. S5) versus just 5% (CI: 0.03--0.09) across six studies with 210 patients with tibial lesions (Fig. S6).^[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040]--[@bibr22-2058-5241.5.190040],[@bibr28-2058-5241.5.190040]^

A subgroup analysis of nonunion versus acute fractures demonstrates no appreciable difference in the rate of malunion. Neither nonunion study^[@bibr28-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ reported coronal malalignment post exchange nailing and poller screw insertion. The overall outcome proportion of malunion using the inverse variance method for pooling was 4% (CI: 0.01--0.24) with a combined total of 22 patients (Fig. S7) compared with 5% in acute fractures (Fig. S8). The overall outcome proportion of reoperation using the inverse variance method for pooling was 4% (CI: 0.01--0.24) with a combined total of 22 patients (Fig. S9). This is much lower than the rate of reoperation in acute fracture only studies^[@bibr20-2058-5241.5.190040],[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040],[@bibr29-2058-5241.5.190040]^ of 18% (CI: 0.07--0.41) with a combined total of 94 patients (Fig. S10).

Discussion {#section12-2058-5241.5.190040}
==========

Poller screws have been purported to expand the indication for intramedullary nailing and reduce rates of nonunion and malunion seen with IM nailing of metaphyseal fractures. Poller screws are placed before nail insertion and often before reaming to control alignment in both the sagittal and coronal planes, depending on the position and direction of the screws.^[@bibr32-2058-5241.5.190040]^ While poller screw biomechanics has been described, the outcomes of poller screw augmentation of IM nailing has not. Our results show a low complication rate of IM nailing augmented with poller screws in terms of nonunion (4%), coronal plane malunion (6%), deep (5%) and superficial (6%) infections, and secondary procedures (8%). Our pooled analysis compares favourably to the complication rates reported in the treatment of metaphyseal fractures with IM nailing alone. In a systematic review incorporating 489 distal tibial fractures treated with intramedullary nailing, Zelle et al showed a nonunion rate of 5.5%, an infection rate of 4.3%, and a malunion rate of 16.2%, and 16.4% of the patients required secondary surgical procedures.^[@bibr33-2058-5241.5.190040]^ The nonunion rates are favourable when compared with the nonunion rate of 12% in a review of 1003 patients treated with reamed intramedullary nailing of tibial fractures.^[@bibr34-2058-5241.5.190040]^ Combined small retrospective studies with a total of 183 patients treated with intramedullary nailing of extraarticular proximal tibia fractures reported an average malreduction rate of 8.2%.^[@bibr3-2058-5241.5.190040]^

Our review suggests that poller screw augmentation of IM nailing reduces the incidence of both nonunion and malalignment. It is interesting to note that half the studies reporting nonunion were nonunions associated with malalignment. In Ricci et al, the nonunion patient had postoperative malalignment of 6° valgus, as a lateral blocking screw to control valgus malalignment was not used.^[@bibr19-2058-5241.5.190040]^ Seyhan et al's nonunion patient also had malunion with 8° of flexion deformity and nonunion.^[@bibr20-2058-5241.5.190040]^ This reinforces the importance of a stable mechanical environment for healing and highlights that poller screws are not a panacea for nonunion. Radiological studies by our group suggest that increase in fracture stability associated with poller screw use is most pronounced at the site contralateral to the poller screw, as evidenced by the significantly smaller size of contralateral versus ipsilateral callus. With simple spiral fractures of the distal tibia, a single poller screw may be sufficient to provide an increase in stability in all planes.^[@bibr35-2058-5241.5.190040]^ Depending on fracture pattern, at least one poller screw in the sagittal and one in the coronal plane may be needed to fully control alignment to avoid the failure seen in one patient in Ricci et al's cohort.^[@bibr19-2058-5241.5.190040]^ [Table 2](#table2-2058-5241.5.190040){ref-type="table"} shows that the majority of studies used just one poller screw despite treating complex fracture patterns. Our group have evolved the way we use poller screws from the use of a single screw to create a corridor inside the bone, 'first-generation' of poller screw, through to the 'third-generation' of poller screw with poller screw placement on both sides of the fracture line to create long-term compression and reduce the working length of the nail.^[@bibr36-2058-5241.5.190040]^

The principle of poller screw use is the same with both femoral and tibial fractures; however, different anatomical considerations and different deforming forces affect position of screw placement. The subcutaneous nature of the tibia compared with the femur makes placement of poller screws in the tibia easier. The strong muscular coverage of the femur makes drilling and screw insertion more difficult and increases the possibility of losing the screws in the soft tissue. We recommend either using a screwdriver that locks into the screw head if available or tying a strong surgical thread to the screw before inserting to aid screw retrieval should a problem be encountered. In our subgroup analysis, femoral fractures did not demonstrate an increased risk of malunion compared with tibial fractures, despite the above challenges to poller screw placement. Femoral fractures, however, did have an increased rate of reoperation when compared with tibial fractures (21% vs. 5%); however, this may be attributed to the difference in sample size of 83 and 210 respectively.

Two studies, both studying the use of poller screws in the treatment of nonunion, reported no complications.^[@bibr28-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ Krettek et al reported no complications related to poller screws, one patient developed a rotational malalignment greater than 15°.^[@bibr11-2058-5241.5.190040]^ Despite this both papers state that there were no complications related to the poller screws.^[@bibr11-2058-5241.5.190040],[@bibr19-2058-5241.5.190040],[@bibr22-2058-5241.5.190040]^ It could be argued that the improper positioning of poller screws contributed to nonunion and/or malunion, and therefore should be considered a complication of 'improper' poller screw placement rather than a complication due to the poller screws themselves. Moreover, comparing the outcomes of different studies has been complicated by different definitions of outcome measures. This was a particular challenge for secondary procedure data where information on the definition and nature of reoperation was not detailed, and attempts to contact corresponding authors were unsuccessful.^[@bibr21-2058-5241.5.190040],[@bibr26-2058-5241.5.190040],[@bibr27-2058-5241.5.190040]^ Our review showed large variation in rates of secondary procedures ranging from 2.0% to 39.1% for Van Dyke et al.^[@bibr29-2058-5241.5.190040]^ Email communication with the Van Dyke group revealed that the majority of secondary procedures were distal interlocking screw removal for dynamization purposes. Next most frequent was distal screw removal for broken screws or painful hardware. Lastly, there were a variety of secondary procedures including bone grafting, irrigation and debridement of infection, exchange nailing, and knee arthroscopy for persistent knee complaints.

Several limitations exist and should be discussed. Firstly, the available literature includes no prospective, randomized, clinical trials. Three of the included studies were prospective case series^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040]^ and ten were retrospective case series.^[@bibr20-2058-5241.5.190040]--[@bibr24-2058-5241.5.190040],[@bibr26-2058-5241.5.190040]--[@bibr29-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ The conclusions that can be drawn from these studies are limited by the lack of adequate control groups in all bar two studies.^[@bibr23-2058-5241.5.190040],[@bibr29-2058-5241.5.190040]^ This is reflected in the low mean MINORS score of the included studies of 10.1 out of 16. Secondly, many studies included heterogenous populations, mixing results for distal and proximal tibial fractures,^[@bibr11-2058-5241.5.190040],[@bibr27-2058-5241.5.190040]^ acute fractures and nonunion^[@bibr11-2058-5241.5.190040],[@bibr12-2058-5241.5.190040],[@bibr19-2058-5241.5.190040],[@bibr21-2058-5241.5.190040],[@bibr22-2058-5241.5.190040],[@bibr27-2058-5241.5.190040],[@bibr29-2058-5241.5.190040]^ and femoral and tibial nonunions.^[@bibr28-2058-5241.5.190040]^ We decided to include both nonunion and acute fractures for two reasons. Firstly, poller screws behave the same at the fracture site, biomechanically neutralizing shear forces and increase the amount of compression through the fracture line be that the fracture line of an acute fracture or nonunion. Secondly, there were limited published articles and inclusion of nonunions increased sample size and facilitated subgroup analysis in our attempt to elucidate whether the outcomes differed depending on age of fracture.

Our limited subgroup analysis comparing populations with only femoral fracturs with only tibial fractures data demonstrates that femoral fractures treated with poller screws have lower rates of malunion than their tibial counterparts; however, femoral fractures have an increased rate of reoperation. Comparison of reoperation rate in a population of nonunion versus acute fractures only showed a lower rate of reoperation than in the nonunion population (4%) compared with 18% amongst acute fractures. This, however, could be due to selection bias where, in the case series published by Gao et al and Kim et al focus was given to nonunion 'success stories' and there is no correction made for the number of operations the participants of these studies had prior to poller screw insertion.^[@bibr28-2058-5241.5.190040],[@bibr31-2058-5241.5.190040]^ Furthermore, insufficient detail on which fracture types required reoperation and the number and positioning of poller screws in the acute fracture studies does not permit an accurate assessment of whether or not the poller screw placement was correct and provided accurate reduction. We stress that it is the positioning of poller screws to neutralize shear forces and convert these forces to compressive forces at the fracture site and not merely the presence of poller screws which facilitates union.

Given non-randomization, there is a high risk of selection bias. Poller screws may have been the treatment of choice for the most challenging fractures when other types of reduction had failed. Seyhan et al's study comparing reduction techniques for subtrochanteric femoral fractures stated that blocking screws were only used when clamp reduction failed.^[@bibr26-2058-5241.5.190040]^ Seyhan et al's 2013 study states 'patients with blocking screws most commonly sustained high-energy traumas, and many patients had polytrauma and open fractures'. This may under-estimate the benefit of blocking screws because the groups do not have similar baseline characteristics.^[@bibr24-2058-5241.5.190040]^

As an alternative to poller screws, K wires have been described as reduction aids and used in a similar fashion to poller screws to aid centralization of IM nails, which are removed post locking screw insertion. Poyanlı et al place K wires before the guidewire, as we do with poller screws.^[@bibr37-2058-5241.5.190040]^ Poyanlı et al conclude that by locking the nail in different directions, appropriate reduction can be maintained until the bone in their series of 13 patients. Biewener et al described the 'palisade method' for treatment of distal tibial diametaphyseal fractures.^[@bibr38-2058-5241.5.190040]^ They placed K wires sequentially to guide an intramedullary nail with a good central position into a distal short fragment. After proximal and distal fixation of the nail, the K wires were removed to prevent loss of reduction. No data were offered on the impact the 'palisade method' had on operative time or damage to soft tissues or infection rates. While K wire constructs may aid reduction in theatre, neither study measured the difference in radiographic reduction immediately postoperatively and at union, therefore it is not possible to quantitively assess maintenance of reduction.^[@bibr37-2058-5241.5.190040],[@bibr38-2058-5241.5.190040]^ Without studies comparing the outcomes of removable K wires etc. with permanent poller screws, it is not possible to draw conclusions on the efficacy of one techniques over the other; however, the poller screws will continue to maintain reduction and resist the deforming muscular forces that will be at play when the patient mobilizes postoperatively.

This systematic review demonstrates challenges in summarizing therapeutic evidence for rare and heterogeneous conditions. Outcomes following the use of poller screws have been examined only in case reports and case series, and while these study designs are near the bottom of the hierarchy of evidence, a new paradigm suggests that systematic reviews are a lens that can be helpful for appraising and synthesizing available data of all types, providing recognition of the inherent limitations of the data.^[@bibr39-2058-5241.5.190040]^

Perceived disadvantages of poller screws were referenced in two studies; one stated that both fluoroscopy and operative times were significantly longer than fracture reduction by clamp or cerclage, the other that the addition of poller screws increased operative time by a mean of 21 minutes when compared with IM nailing alone.^[@bibr23-2058-5241.5.190040],[@bibr26-2058-5241.5.190040]^ The need for fluoroscopy throughout the procedure, extending operative time and causing extra exposure to radiation, was beyond the scope of this systematic review but should be studied in greater detail. Propagation or creation of a fracture line while introducing the nail after placement of a poller screw is, anecdotally, a perceived complication of poller screw use. However, this complication was only noted by one author in a single case where alignment and union were unaffected.^[@bibr12-2058-5241.5.190040]^

The results of the present systematic review show low complication rates for IM nailing augmented with poller screws in terms of nonunion (4%), coronal plane malunion (5%), deep (5%) and superficial (6%) infections, and secondary procedures (8%) at a mean follow-up of 21.1 months. Based on the current available evidence, we report the following: that poller screw augmentation of intramedullary nailing in the treatment of metaphyseal tibial fractures, infraisthmal femoral fractures and nonunions have lower or comparable complication rates with those reported in the literature for IM nailing alone. Prospective, randomized, clinical trials comparing poller screw augmentation versus IM nailing alone will be necessary to fully determine outcome benefits.

**ICMJE Conflict of interest statement:** The authors declare no conflict of interest relevant to this work.

Funding statement
=================

No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.

Supplementary Material
======================

Supplementary material is available online.
